TM -reinforcing fiber having polybenzoxazine (BA)/urethane prepolymer (PU) alloys as a matrix were investigated in this work. The effect of alloy compositions on the ballistic composite properties was determined. The increase of the elastomeric PU content in the BA/PU alloy resulted in samples with tougher characteristics; the storage modulus of the Kevlar TM -reinforced BA/PU composites increased with increasing the mass fraction of polybenzoxazine. A ballistic impact test was also performed on the Kevlar TM -reinforced BA/PU composites using a 9 mm handgun and it was found that the optimal composition of BA/PU alloys should be approximately 20wt% of PU. The extent of the delaminated area and interfacial fracture were observed to change with the varied compositions of the matrix alloys. The appropriate thickness of Kevlar TM -reinforced 80/20 BA/PU composite panel was 30 plies and 50 plies to resist the penetration from the ballistic impact equivalent to levels II-A and III-A of NIJ standard. The arrangement of composite panels with the higher stiffness panel at the front side also showed the best efficiency ballistic penetration resistance.
Introduction
In the past, protective armors were traditionally made of metals. With the development of the thermoplastic polymers and synthetic fibers in recent years, hard armor systems with lighter weight have been produced, which combine the use of metals, and/or ceramics with polymeric fabrics as well as fiber-reinforced polymer composites. The development of armor materials has been focused on reducing the weight of the existing armor materials because the reduction of weight could helps in saving energy as well as increasing mobility [1, 2] . During the Vietnam War, it was reported that soft armors prepared from fabrics of fiber glass and nylon were used for ballistic protection [3] . Some of the commercial fibers used to manufacture armors include aramids (Kevlar  TM or Twaron   TM ) [4] , nylon fiber [5] , polyethylene fiber (Spectra TM or Dyneema TM ) [6, 7] , and carbon fiber [8, 9] . The fibers should provide excellent impact resistance required for ballistic armors, and have high sonic velocity and high specific energy absorption as well as the capability to distribute kinetic energy upon ballistic impact [5] . Typical polymeric materials used in ballistic applications are ultra high molecular weight polyethylene (i.e. Dyneema TM ) and para-aramid fibers (i.e. Kevlar and Twaron). In general, Kevlar has been introduced as ideal type of base material for ballistic protection due to its outstanding thermal properties and high tensile properties. Its highly crystalline and highly oriented fine structure result in high modulus required for enhanced sonic velocity [3, 6, 10] . Consequently, the fiber is considered as a major reinforcing constituent for ballistic composites in this work. In composite material, even though each parent material (i.e. the fiber and the matrix) cannot provide ballistic resistant properties by itself; the combination of the two components had been found to exhibit an enhanced level of ballistic protection.
In general, an enhanced ballistic performance of light-weight armor requires its ability to deform and/or break-up the projectiles into small fragment and prevent the penetration of the projectile by absorbing projectile's kinetic energy. Absorption of kinetic energy of the composite composes of several mechanisms, including tensile failure of fibers, elastic deformation of composite, interlayer delamination, shear between layers in the composite, and inertia effect. Kinetic energy is absorbed and attributed according to key factors such as fiber mechanical properties, direction of fiber arrangement, matrix properties and interfacial strength [11] [12] [13] [14] [15] .
Recently, the types of matrix binders for ballistic composites are such as thermoplastic resins [16, 17] , thermosetting resin [12, 18, 19] , and the alloys between thermoplastics and thermosets [14] . Other binders for Kevlar TM -reinforced composites consisted of urethanes [15] , epoxy resin [20, 21] , polyester [22] styrene-isoprene-styrene [23] . In general, the function of the matrix resin is to hold the fibers firmly together in a three-dimensional array of crossing layers. The selection of a resin for the ballistic composite depends on its required characteristics such as rigidity, environmental resistance to thermal, wear, combustibility, process ability, and shelf-life. The amount of resin necessary to consolidate the fibers has been reported to be approximately 75-80 wt% [24, 25] . If the amount of resin used is substantially increased above the desired amount the matrix, it results in a major part of the armor volume weakening the materials. However, if the resin is less than that required to wet all fibers, this causes the fibers in the composite have not enough properties to consolidate and held in the proper position upon impact; then, the fiber tends to separate relatively easily allowing the projectile to pass through before the fiber absorb force [26] . In general, the resins used as a binder in ballistic armor have an adhesive characteristic with respect to the fiber, while the tensile strength of the resin should be lower than that of the fiber. That is, upon impact, the fiber will function predominantly to transmit impact force along its longitudinal axis. In principle, it is required that the resin should not hold the fiber too rigidly along the surface but allow some small amount of movement of the fiber surface longitudinally within the resin. Obviously, the composite structure resists and provides a limited fiber spreading transversely to the fiber axis upon projectile impact. In some previous works [19, 26] , phenolic resins provide a future class of preferred resins for a composite armor. Phenolic resins are inexpensive and easy to handle employing conventional technology. However, they do not bond too firmly to ballistic fiber (especially Kevlar fiber); the moisture is driven from the resins during a curing stage (one additional step in the composite manufacturing process). Polybenzoxazine, a novel class of phenolic resins, has a wide range of mechanical and physical properties that can be tailored to various needs. The polymer can be synthesized by ring-opening polymerization of the aromatic oxazines with no by-products released upon curing, [27] . The property balance of the material renders the polymer with very low A-stage viscosity, near-zero shrinkage, low water absorption, and fast development of mechanical properties as a function of curing conversion [28] [29] [30] .
In this study, polybenzoxazine alloying with urethane elastomer used as matrix for ballistic armor composites were evaluated due to one major outstanding property of benzoxazine resin related to an ability to form hybrid network with several other resins for tailor-made behaviors [31] [32] [33] [34] . Urethane elastomer was also used to alloy with benzoxazine resin to improve thermal stability and mechanical properties of the resulting polymer hybrids [34] . In this work, the word -alloy‖ was used in stead of -blend‖ because there has been evident from some previous works [35] [36] [37] that the chemical bonding were generated between polybenzoxazine and urethane elastomer. This makes it possible to fine tune and enhance the properties of the ballistic armor composites.
Experimental

Raw Materials
The materials are benzoxazine resin, urethane prepolymer and Kevlar™ from DuPont. Benzoxazine resin based on bisphenol-A, paraformaldehyde and aniline was synthesized by patented solventless method [27] . The bisphenol-A was supplied by Thai Polycarbonate Co., Ltd (TPCC). Paraformaldehyde and aniline were purchased from Merck Company, and Panreac Quimica SA Company, respectively. The obtained benzoxazine resin is clear-yellowish solid at room temperature. Urethane prepolymer was prepared from isophorone diisocyanate and polyether polyol (diol, MW=2000) using dibutyltin dilaurate as a catalyst. The isophorone diisocyanate was supplied by Degussa-Huls AG and the polyether polyol was available from TPI Polyol Co., Ltd. The urethane prepolymer is clearly viscous liquid at room temperature and it was kept in a refrigerator.
Composite Processing
The benzoxazine resin was mixed with the urethane prepolymer to provide BA/PU mixtures at the desirable mass fraction 
Sample Characterization
Dynamic mechanical analyzer (DMA) model DMA242 from NETZSCH was used to investigate the viscoelastic properties of the specimens. The strain at amplitude of 30 μm was applied sinusoidal with a frequency of 1 Hz. The specimen was heated at the rate of 5 o C/min from room temperature to 270 o C and the specimen dimension was 50mm10mm2 mm.
Thermal decomposition characteristic of the cured polymer alloys and the composites were studied using a thermogravimetric analyzer from Perkin Elmer (Diamond TG/DTA). The experiment was measured using a heating rate of Instron Universal testing machine, Model-5567 was used to determine flexural properties of composite specimens. The test method used was a three-point bending mode according to ASTM D790-00 (Method I) with a support span of 32 mm with a constant cross head speed of 0.85 mm/min. The specimen dimension was 50mm25mm2mm.
The ballistic tests were made using three different ammunitions. The tested composite plate with a dimension of 12.7cm12.7cm was prepared; each plate was impacted with one projectile. The Kevlar TM -reinforced polybenzoxazine alloy plates were 3.2 mm in thickness corresponding to two 10-ply laminates. The laminates with 20 plies were tested using a 9mm handgun with a standards grains round lead projectiles having a lead outer coating. The first experimental locations chosen for projectile impact were selected so as to evaluate the most suitable composition of the matrix alloys. In addition, the laminates with 20 and 30 plies were tested with standard 124 grains round lead projectile with a copper outer coating (Full Metal Jacket) typically used in the 9mm handgun. The impact velocity used was recommended by the NIJ standard for level II-A protection. The laminates with 40, 50 and 60 plies were tested with a test weapon, meeting the impact velocity according to standard for level III-A. Measured average velocity was determined as 426 m/s for the tests. The velocity of each shot was measured using a triggered timer. The damaged areas on each sample were evaluated.
Interfacial bonding of the composites after they were impacted was evaluated using a scanning electron microscope (JEOL, model JSM-5800LV) at an acceleration voltage of 15 kV. All specimens were coated with thin film of gold using an ion sputtering device (Balzers, model SCD040) for 4 minutes to have a thickness of approximately 30nm. The obtained micrographs were used to evaluate qualitatively the interfacial interaction between the matrix resin and the fiber and to study the mechanisms of ballistic energy absorption.
Results and Discussion
Properties of Cured BA/PU Alloys
The dynamic mechanical properties of the BA/PU polymer alloys are shown in Fig. 1 . All specimens, i.e., 100/0 BA/PU, 80/20 BA/PU, 70/30 BA/PU, and 60/40 BA/PU were fully cured to yield highly cross-linked structure. As seen in Fig. 1 , the storage moduli (E) in the glassy state of the BA/PU polymer alloys expectedly decreased with increasing the PU fraction due to the incorporation of the more flexible structure of PU in the alloys as already described by Rimdusit et al. [35] . The urethane prepolymer molecule contains a large number of ether linkages in which the internal movement of the molecules is very active compared with the rigid phenolic structure of the polybenzoxazine resulting in the lowering of the stiffness of the alloys. From Fig. 1 , the storage moduli at room temperature of the BA/PU polymer alloys were systematically reduced from 5.7 GPa to 1.4 GPa with the addition of the PU from 0 to 40 wt%. On the other hand, the modulus in the rubbery plateau moduli tended to increase with the mass fraction of the PU. This could be implied that the crosslink density of the fully cured specimens increased with increasing the PU content. Theoretically, the relationship between the crosslink density and the rubbery plateau modulus could be exhibited as presented in Eq. (1) [36, 37] .
where E' is the rubbery plateau modulus at T g +50 o C in MPa, ) ( e  is crosslink density in mol/m 3 , R is gas constant and T is absolute temperature at T g +50 o C. The calculated values of crosslink density crosslink density are shown in Table 1 . When the crosslink density increases with PU content as shown in Table 1 , the mobility of the molecular chain in the alloy decreases. This could relate to the glass transition temperature of the alloys. Glass transition temperatures (T g s) of the BA/PU polymer alloys were also detected in the dynamic mechanical thermograms based on the maxima of their loss moduli (E) as also shown in Fig. 1 . The T g values of the BA/PU polymer alloys showed a synergistic behaviors as T g s were observed to increase to the values greater than that of both parent polymers with increasing the amount of the PU fraction. The T g s of the PU and the polybenzoxazine were reported to be about -70 o C and 165 o C, respectively [35] . However, the T g s of the fully cured BA/PU polymer alloys were observed to be 165 From Fig. 1 , the increase of PU content resulted in the increase in the crosslink density of the polymer alloy. This could be observed from the increase of the storage modulus in the rubbery plateau region and the T g s as previously reported [35] . The phenomenon was attributed to the additional crosslinking caused by the reaction between an isocyanate group of urethane resin and a hydroxyl group of polybenzoxazine after the phenolic hydroxyl group from the ring opening of benzoxazine resin was produced [38] [39] . These results could be due to the reaction of the isocyanate of the PU and the hydroxyl group of the polybenzoxazine helped increase a crosslink density of the polymer alloys as explained earlier. Therefore, one benefit of incorporating the PU into the polybenzoxazine network was to improve the thermal stability of the polybenzoxazine as a result of crosslinking density enhancement. In addition, the residual weight at 800 o C of the BA/PU polymer alloys was found to decrease with increasing the PU fraction in the polymer alloys which was consistent with the value previously reported [35] . This can be explained as the structure of the polybenzoxazine contained a more thermally stable benzene rings compared to the mostly aliphatic structure of the diol in the urethane. Consequently, the addition of the PU resulted in the lowering of the char yield in the polymer alloys.
Properties of Kevlar
TM -reinforced BA/PU Alloys
Dynamic Mechanical and Mechanical Properties
The dynamic mechanical analysis of the Kevlar TM -reinforced alloys is shown in Fig. 3 . In the figure, the storage moduli of Kevlar Fig. 3 . In addition, T g s of Kevlar-reinforced composites were significantly higher than those of the neat BA/PU alloys comparing at the same mass fraction of the PU in the alloys. In general, the T g s of urethane elastomer and polybenzoxazine were reported to be about 70 o C and 165 o C, respectively [36] . In our study, T g s of the copolymers were also found to increase with the mass fraction of urethane. This enhancement in the T g could be attributed to the increase in the crosslink density of the binary systems as previously observed in the DMA investigation of the resulting copolymers [36] . Furthermore, this phenomenon could be due to the substantial interfacial adhesion between the fiber and the matrix [40] . Flexural properties of the Kevlar TM -reinforced polybenzoxazine alloys were depicted in Fig. 4 . It could be observed that the flexural strength of the alloys was decreased with the PU content from 163 MPa (of pure polybenzoxazine) to 52 MPa (at 40wt% of PU). We also observed the strengths of the composites decrease in a linear manner with the increase of the PU in the matrix alloys. In addition, flexural moduli of the composites were found to significantly decrease with increasing the amount of the PU in the alloys from 18.3 GPa at 0 wt% of PU to about 7.5 GPa at 40 wt% of PU as illustrated in Fig. 4 . The phenomenon was due to the fact that the addition of the rubbery urethane polymer into the rigid polybenzoxazine was able to lower either the strength or the stiffness of the resulting polybenzoxazine alloys. When the armor is penetrated, the heat is generated. The material could first decompose by thermally initiated mechanisms or thermo-oxidative decomposition. It has been reported that char could decrease the diffusion rate of decomposed, flammable gases toward the flame front and decrease the burning of the material [41] . The char yield was found to systematically reduce from 45.8 % to 39.1% with an incorporation of the PU from 0 to 40% by weight. This could be attributed to the fact that urethane contained aliphatic structure, while polybenzoxazine contained benzene rings [42] . Therefore, the increase in urethane content leads to the increase in aliphatic structure having less thermal stability and less char yield [38] [39] . However, these values were all greater than those of the matrix alloys comparing at the same PU fraction. This is due to the fact that the char yields of the composites also included the additional residue of the Kevlar TM fiber which possessed a char yield of 44% at 600
Thermal Stability of the Composites
o C [3].
Firing Tests of the BA/PU Composite Armors
A series of ballistic tests were performed on the composite laminates which were made of Kevlar TM fabric impregnated with BA/PU mixtures and cured using the curing condition as suggested in the experimental section. The Kevlar TM fabric used has the areal density of about 0.016 g/cm 2 . The dimension of the laminated specimens was 25.4mm×25.4mm×1.8mm, corresponding to 10 plies of the Kevlar TM cloth impregnated with about 20% by weight of the BA/PU mixtures. The densities of the composites were determined to be 1.26 g/cm 3 at 60/40 BA/PU, 1.28 g/cm 3 at 70/30 BA/PU, 1.29 g/cm 3 at 80/20 BA/PU, 1.30 g/cm 3 at 90/10 BA/PU and 1.31 g/cm 3 at 100/0 BA/PU.
Low Level Ballistic Impact Test
The composite laminates fabricated with a thickness of 10 plies of the Kevlar TM at various the BA/PU alloy compositions mentioned above were tested using a 9mm handgun with standard lead projectiles having lead outer-coating. From the test results, the composite consisted of only 10 piles of Kevlar TM could not protect ballistic impact from the standard lead projectiles. Therefore the 20 piles of Kevlar TM panels i.e. 10/10 panel arrangement, at all BA/PU alloy compositions were selected for the following tests. Moreover, the bisphenol A-based epoxy-Kelar TM composites (cured by amine hardener) at the same fiber content were also used to compare its ballistic impact performance with our BA/PU matrix alloys. From the fire test, although both composites with the 10/10 configuration of the composite panels could not resist the projectiles, the polybenzoxazine alloy composite panel exhibited obviously higher energy absorption than the epoxy composites. This could be noticed from the greater delaminated area of the polybenzoxazine composites in Figs. 6(a)-6(d) . From Table 2 , Figs. 6(c) and 6(d), the firing results also indicated that the 90/10 and the 80/20 mass ratios of the BA/PU matrix alloys exhibited ballistic penetration resistance in comparison with the other compositions of 100/0 BA/PU matrix as well as the epoxy matrix. However, only the composite from the 80/20 BA/PU matrix alloy exhibited 100% ballistic penetration resistance. In Fig. 6(d) , the ballistic impact performance of the Kevlar TM -reinforced 80/20 BA/PU alloys revealed relatively larger delaminated area than those of the epoxy matrix ( Fig. 6(a) ) and the polybenzoxazine matrix (Fig. 6(b) ). The delaminated area has been known to be one major component of the energy absorption mechanisms in ballistic impact. Further increase the PU mass fractions to 30 wt% and 40 wt% in the composite matrices resulted in a poor ballistic impact resistance. This phenomenon confirms the necessity of identifying optimal fiber-matrix interactions in order to yield a composite system with outstanding ballistic performance. The variation in the BA/PU alloy compositions could allow an optimal interaction between the alloy matrix and its reinforcing fiber, which leads to obtaining the outstanding ballistic performance.
As previously mentioned and reported in the literature [14] , the kinetic energy absorption of composite material composes several mechanisms, including tensile failure of fibers, elastic deformation of composites, interlayer delamination, shear between layers in the composite, and inertia effect. Kinetic energy absorption may be attributed to basic factors such as mechanical properties of the composite's constituent direction of fiber arrangement, as well as interfacial strength. Fracture morphology of the composite specimen is sometimes used to qualitatively evaluate the possible kinetic energy absorption of the material. The fracture surfaces of Kevlar TM -reinforced BA/PU alloys at various compositions of PU are depicted in Figs. 7(a)-7(d) . The results reveals that the fracture surfaces near the center of ballistic impact of the Kevlar TM -reinforced 80/20 BA/PU alloy ( Fig. 7(b) ) exhibited substantial level of adhesive failure in which the fibers were largely stripped off the matrix materials with only small fragments of the matrix remained adhere to the fibers. This fracture phenomenon could be clearly distinguished from that of the 60/40 BA/PU composites (Fig. 7(d) ), which showed much lower degree of interfacial failure. The weaker mechanical properties due to the excessive presence of the soft PU component might be one reason of the observed predominantly cohesive failure in this composite. In other case, too strong adhesion between the Kevlar TM fibers and the BA/PU matrix alloy might be attributed to the poor ballistic performance of the matrix resulting in the low degree of composite delamination mechanism. These results also confirmed the effect of the BA/PU alloy compositions on the interaction between the Kevlar TM fibers and the alloy matrices and thus the ballistic performance of obtained polymer composites.
Consequently, the selection of a suitable matrix resin that renders the most energy absorption characteristics with particular reinforcing fiber used is crucial to the successful ballistic performance of the composite armor. It could be noted that the BA/PU alloy seemed to render a synergistic behavior in ballistic performance at the composition of 80/20 BA/PU with the most outstanding ballistic performance. Therefore, The 80/20 BA/PU alloy was further used to fabricate the composite armors for higher protection level evaluation. The penetration resistance results of the composite after impact with projectile velocities for the NIJ level II-A ballistic test are shown in Table 3 . All samples were fired with a 9 mm handgun, which is known to have a greater impact velocity than that required by the NIJ standard of level II-A. The individual value for the deformed depth as well as the averaged diameter of the damaged area of the BA/PU composites after impacted with the projectiles was reported. From the table, all composite laminates assembled to have a combined thickness of 20 plies of the Kevlar TM did not pass this level of the NIJ standard for ballistic protection. Eventually in the 30-ply composite arrangements, none of these samples was perforated by the level II-A projectiles as seen in Table 3 and Fig. 8 . From the delaminated area measurement, it is apparent that a sample with an arrangement of the 20-ply panel in front of the 10-ply panel (20/10 configuration) (Fig. 8(b) ) exhibited the best ballistic performance. The damaged area of this sample arrangement was significantly smaller than those of the other two arrangements, i.e., the 10/10/10 ( Fig. 8(a) ) and 30/0/0 (Fig. 8(c) ) configurations. Therefore, the arrangement of composite panel in the firing test was found to be one important factor on the ballistic performance of the composites. The front panel with at least 20 plies of Kevlar TM cloth was thus necessary for the level II-A resistance of perforation and was supposed to possess sufficient properties to destroy or deform this type of projectile. As a result, the kinetic energy was substantially reduced before piecing through the rear plate of 10 piles thickness. Moreover, the energy might also be dissipated via the inertia effect when the projectile passed through the gap between the two plates. However, the front plate of the 10/10/10 ( Fig. 8(a) ) configuration composite was found to possess insufficient mechanical integrity to destroy the projectiles. Consequently, a relatively large portion of the impact energy could still be transferred to the adjacent plate and caused relatively large damaged area to the rear plate. In the other hand, although, the 30/0/0 (Fig. 8(c) ) configuration composite possessed relatively high stiffness enough to substantially deform the projectile, this sample lacked the energy dissipation by an inertia effect as likely to occur in the 20/10 ( Fig. 8(b) ) configuration. As a result, a larger damaged area comparing with the 20/10/0 configuration composite was observed. The cross-sections of the front plate of the tested composites with 20/10/0 and 30/0/0 arrangements are also illustrated in Fig. 9(a) and Fig.  9(b) , respectively, revealing the macroscopic delamination of the Kevlar TM 's cloth in the 20 plies and 30 plies thick composites. -reinforced 80/20 BA/PU composite with the combined thickness of 40, 50, and 60 piles were subjected to a ballistic impact evaluation at a projectile velocity required by NIJ standard for level III-A. This III-A level test is currently the reported maximum level of protection based on polymer composites. The composites with the combined thickness of 40 plies had one type of arrangement, i.e. 20/10/10 configuration whereas that of 50 plies had two types of arrangements, i.e. 30/20/0, and 10/10/30 configurations. In the case of the samples of 60 plies, the arrangements were set to be 30/20/10/0, and 30/10/10/10 configurations. The test outcomes are listed in Table 4 . In addition, Fig. 10 also shows of the photographs of some composites tested in this protection level revealing damaged or delaminated areas of the composites.
From Table 4 , it is apparent that the test weapon with standard 124 grains round lead projectile with a copper outer coating (Full Metal Jacket) typically used in the 9mm handgun having a speed required by level III-A could be stopped with at least 50 plies of the composites. The damage area evaluation confirmed that the arrangement of composite panels had an important effect on their ballistic protection. It can be seen that the composite with 30/20/0 arrangement rendered the damaged depths and diameters smaller than those of the composite with the 10/10/30 arrangement. This result implied that the composite arrangement for level III-A protection needed at least 30-ply composite panel as a front plate in the impact direction. The sufficiently stiff panel seemed to play a crucial role as to deform the shape of the projectile as discussed previously.
In the combined 60-ply thick composite panels, the arrangement was set to be 30/20/10, and 30/10/10/10 configurations. These two types of arrangements were again found to lead to different damaged areas and deformed depths. The composite with 30/10/10/10 configuration rendered less damaged area than that of composite with 30/20/10 configuration. Since the number of the Kevlar TM plies combined was the same in each tested sample, the sample arrangement with the thicker panel of 30 piles for level III-A to be on the front and was found to be essential in the successful ballistic impact resistance of the composites with lower degree of sample deformations.
Conclusions
In this study, the suitable matrix alloy based on benzoxazine, and urethane resins for Kevlar TM fiberreinforced composite armor was determined. The synergism in the T g can be observed in Kevlar TMreinforced BA/PU alloys. This phenomenon was due to the addition of urethane prepolymer is attributed to improve crosslinked density of the matrix alloys. However, the increase of the PU fraction significantly lowered the stiffness and degradation behavior of the composites. The results of low level ballistic impact test of the 20-ply Kevlar TM -reinforced composites revealed that only the composite from the 80/20 BA/PU matrix alloy exhibited 100% ballistic penetration resistance. The studies of specimen's thickness and the arrangement of the composite panels indicated that the suitable thickness having 30 piles of the Kevlar TM cloth can protect the ballistic impact at level II-A, whereas the 50 plythick composite was able to protect the ballistic impact of NIJ level III-A. Furthermore, the arrangement of composite panels was also found to significantly affect the ballistic performance of our composites with the thicker and stiffer panel should be placed in the front face of the composite panel assembly to yield best ballistic resistance.
